Introduction
============

Carcinogenesis is fundamentally an outcome of changes in the genetic code or gene expression. The altered gene can be an oncogene, a tumor suppressor gene or a mismatch repair gene. Alterations in gene signaling may lead to continuous cell proliferation signaling or resistance to cell death.[@b1-ijn-13-199] This unique expression profile of apoptosis-associated genes, including pro- and anti-apoptotic signaling proteins, in cancer cells compared to normal cells provides therapeutic targets for cancer diagnosis and therapy.[@b2-ijn-13-199] For example, in MCF-7 breast cancer cells, 324 genes associated with apoptosis and cell growth have been studied, and the results showed that only several anti- and pro-apoptotic genes are down-regulated or not expressed and that the upregulated genes include anti-apoptotic genes, such as *MCL-1*, suggesting a major role for epigenetic mechanisms in breast cancer development and providing a target mechanism for personalized medicine.[@b3-ijn-13-199]

Anastrozole (ANS) (2, 2-\[5-(1H-1, 2, 4-triazol-1-ylmethyl)-1.3-phenylene\]), which is commercially available as Arimidex, is an aromatase inhibitor (AI) that is used as an anticancer medication for the adjuvant or first-line treatment of estrogen receptor-positive breast cancer in postmenopausal women. ANS acts by reversibly binding to aromatase and inhibiting its actions, thus inhibiting the conversion of androgens to estrogen.[@b4-ijn-13-199] Depriving hormone-dependent breast cancer from estrogens is a major treatment strategy, thus AIs have a vital role in the treatment of breast cancer.[@b5-ijn-13-199] The commonly prescribed dosage of ANS is a 1 mg tablet per day for a treatment period lasting approximately 2.5 years.[@b6-ijn-13-199] However, ANS exhibits low solubility in water and is rapidly removed from the blood stream, thus resulting in a short half-life in the plasma (41--48 hours) and irregular drug uptake.[@b6-ijn-13-199] Moreover, ANS is associated with many adverse effects including gastrointestinal disturbances, vaginal bleeding, thrombocytosis, and osteoporosis.[@b7-ijn-13-199]

Nanotechnology is often used to overcome the disadvantages of active ingredients. Specifically, nano-vehicles provide an established approach to protecting the drug from clearance and increasing site-specific drug delivery by coupling the drug to targeted carrier particles, such as nano-spheres, nanocapsules, and micelles.[@b8-ijn-13-199] Moreover, entrapping hydrophobic compounds inside a nano-vehicle can dramatically increase solubility, delivery efficiency, and, ultimately, efficacy.[@b9-ijn-13-199] With regard to ANS, the first publication describing encapsulation of this drug was by Zidan et al[@b10-ijn-13-199] using biodegradable PLGA-based microparticles. Most of the reported studies have focused on the use of dendrimers,[@b11-ijn-13-199] chitosan,[@b7-ijn-13-199] and PLGA nanoparticles (NPs).[@b12-ijn-13-199] PLA-PEG-PLA NPs were chosen in this study as they are non-toxic and biodegradable. PLA-PEG-PLA NPs are synthesized from PEG, which is characterized by resistance to immunological recognition, in combination with PLA, which can be completely broken down without any toxicity. In addition, it has been previously approved by the US Food and Drug Administration for many applications.[@b13-ijn-13-199],[@b14-ijn-13-199]

In this study, we report for the first time the synthesis of ANS-loaded PLA-PEG-PLA NPs (ANS-NPs) using the double emulsion technique to efficiently deliver ANS to target cells. The physical properties of the ANS-NPs and the therapeutic efficiency of the particles in MCF-7 breast cancer cells were studied. This work has shown the expression of several apoptosis-associated genes like; *MCl-1*, *c-MYC*, and *MAPK3* in the presence of ANS-NPs. The promising results of this study can also open the doors for other in vivo work to show the effectiveness of ANS-loaded NPs.

Materials and methods
=====================

Materials
---------

Polylactide-block-poly (ethylene glycol)-block-polylactide triblock (PLA: average Mn =1,500; PEG average Mn =900), ANS (MW =293.37, purity, ≥98% \[HPLC\]), chloroform, poly (vinyl alcohol) (PVA: Mw =89,000--98,000; 99% hydrolyzed), InP/ZnS quantum dots (QDs) (776777) and DMSO were obtained from Sigma-Aldrich Co., St Louis, MO, USA and were used as received. DMEM, PBS, and Celldiss were obtained from UFC (Riyadh, Saudi Arabia). FBS, penicillin--streptomycin and L-glutamine were purchased from Gibco (Thermo Fisher Scientific, Waltham, MA, USA). The Cell-Titer 96^®^ Aqueous One Solution Cell Proliferation Assay (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium \[MTS\]) kit was purchased from Promega Corporation, (Fitchburg, WI, USA). The PureLink^®^ RNA Mini Kit was purchased from Ambion-Life Technologies (Thermo Fisher Scientific). The High-Capacity cDNA Reverse Transcription Kit and Taqman^®^ gene expression master mix were purchased from Applied Biosystems™ (Thermo Fisher Scientific). Pre-designed primers for *MAPK3* (Hs00385075_m1), *MCL-1* (Hs01050896_m1), c*-MYC* (Hs00153408_m1), and GAPDH (Hs02786624_g1) were obtained from Applied Biosystems.

Preparation of 3% PVA
---------------------

To prepare 3% PVA, 3 g of PVA was weighed and dissolved in 100 mL of distilled water. The weighed amount was added gradually to cold water while stirring. After adding the full amount, the solution was heated to 140°C for 2 hours while the container was covered with aluminum foil to evenly distribute the heat. After 2 hours, a clear solution was obtained.

Synthesis of empty, ANS drug-loaded PLA-PEG-PLA and/InP:ZnS QD NPs
------------------------------------------------------------------

The NPs were prepared using the double emulsion method.[@b15-ijn-13-199] First, 15 mg of PEG-PLA was dissolved in 1 mL of chloroform. Empty NPs were made with DMSO (200 µL), whereas drug-loaded NPs were made with a 200 µL (1 mg/mL) volume of ANS dissolved in 1.0 mL of DMSO. As for the QD encapsulated NPs (QD/ANS-NPs), they were synthesized using 100 µL of commercially available InP:ZnS QD solution and 100 µL of DMSO. The DMSO, ANS + DMSO or QD + DMSO was emulsified by ultrasonication using a 2 mm probe (VCX 130 ultrasonic processor; Sonics, Newtown, CT, USA) (30 s, 100% power) in the PEG-PLA solution. The first emulsion was generated by adding 2 mL of 3% PVA followed by emulsification in the polymer/DMSO or polymer/ANS + DMSO solution via ultrasonication using a 2 mm probe (30 s, 100% power). The resulting emulsion was then diluted by adding 20 mL of 0.3% PVA solution, after which the white emulsion was centrifuged for 1 hour at 16,000 rpm; for the drug-loaded NPs, this step was repeated three times to remove any excess drug.

Characterization of empty and drug-loaded NPs
---------------------------------------------

### Particle size analysis

The particle size distribution (mean diameter and polydispersity index \[PDI\]) of NPs was determined using a Brookhaven ZetaPALS analyzer (Brookhaven, New York, NY, USA). Each NP preparation was analyzed five times per NP sample. The zeta potential was determined by phase analysis light scattering using the ZetaPALS at 658 nm with a scattering angle of 90° at 25°C.

### Transmission electron microscopy (TEM)

To observe the morphology and size distribution of the ANS-NPs, TEM was performed using a JEOL transmission electron microscope (model JEM-1400 electron microscope; JEOL, Tokyo, Japan) operating at an acceleration voltage of 120 kV. A drop of the sample (1 mg/mL) solution was placed on a 400 mesh carbon-coated copper grid. The samples were air dried at room temperature before measurement.

### Scanning electron microscopy (SEM)

The scanning electron microscope FEI Nova NanSEM 450 was used to investigate the chemical composition and surface morphology of the ANS-NPs. A drop of the NP solution was placed on an SEM stub with carbon conductive tape stuck on its surface. The solution was air dried and then the sample was coated with a thin conductive layer of gold using a Quorum Q300 D sputter coater with a sputter time of 20 s and 20 mA sputter current. An accelerating potential between 15--18 kV was used for SEM analyses.

### Encapsulation efficiency (EE) and loading capacity (LC)

The EE and drug-LC were determined by calculating the ratio between the encapsulated drug (ANS) and the total amount of added drug. This was achieved by dissolving the loaded NPs in DMSO and measuring the absorbance of ANS-NPs at a λmax of 360 nm using a SpectraMax Plus384 UV spectrophotometer (Molecular Devices LLC, Sunnyvale, CA, USA) to determine the amount of encapsulated drug in each batch.

The EE of the NPs was then calculated using the following formula: $$\begin{array}{l}
{\text{EE} = \frac{\text{Encapsulated~drug}}{\text{Amount~of~drug~used}} \times 100} \\
{\%\text{LC} = \frac{\text{Entrapped~drug}}{\text{NPs~weight}} \times 100} \\
\end{array}$$

### Determination of in vitro release of loaded NPs

Three different batches of ANS-NPs were dispersed by a bath sonicator (Branson 3800, Emerson, CT, USA) for 20 min with the release media (1.0 mL of phosphate buffer, pH =7.4). An amount equivalent to 1 mg of the ANS-NPs in 1.0 mL of PBS (pH =7.4) was placed inside sealed cellulose dialysis tubing (Carolina, Burlington, NC, USA) with a cutoff of 12,000--14,000 Da. Then dialysis tubing was placed in a screw-cap bottle with 19.0 mL release media and kept in a shaking water bath (GFL 1083; GFL, Burgwedel, Germany) at 37°C and medium speed. At different time intervals, aliquots of 2.0 mL were withdrawn and immediately replaced with the same volume of fresh release media. The amounts of drug released were assessed at a λmax of 360 nm using a SpectraMax Plus384 UV spectrophotometer (Molecular Devices LLC) following the method prescribed.[@b16-ijn-13-199]

### Cell culture conditions

The MCF-7 cell line, originally obtained from the American Type Culture Collection (ATCC; Manassas, VA, USA), was kindly provided by the core facility at the King Abdullah International Medical Research Center. The MCF-7 cells were maintained as an attached monolayer culture in commercially available DMEM supplemented with 10% (v/v) FBS, 2 mM l-glutamine, and 100 U/mL and 100 µg/mL penicillin and streptomycin.

The cells were grown on either 25 or 75 cm^2^ attached-type, filter-cap culture flasks (NunClon, Sigma Aldrich). The cells were incubated at 37°C in a 90% humidified atmosphere containing 5% CO~2~.

### Sample preparation

The stock solutions of free ANS and ANS-NPs were prepared in DMSO as 1 mg/mL and stored at 4°C. At the time of the in vitro studies, stock solutions were diluted in DMEM supplemented with 10% FBS prior to treatment of the cells. Cells were treated with 15, 20, 40, and 80 nM ANS or ANS-NPs, based on the IC50 of ANS, which is 15 nM according to Duke et al.[@b17-ijn-13-199]

### Cell proliferation assay

The antiproliferative effect of ANS on MCF-7 cells was evaluated using the CellTiter 96^®^ Aqueous One Solution Cell Proliferation Assay (MTS) according to the manufacturer's instructions. This assay is a colorimetric test to determine the number of viable cells. It contains MTS combined with the electron coupling reagent phenazine methosulfate.

The cells were seeded onto 96-well plates (Greiner Diagnostic GmbH, Bahlingen, Germany) at a concentration of 10×10^3^ cells/well and incubated for at least 24 hours. Then, different dilutions (15, 20, 40, and 80 nM) of both free ANS and ANS-NPs were added (100 µL/well). Each concentration was added in triplicate, and every plate contained a set of cells in growth medium alone as a control. The cells were then incubated at 37°C for 72 hours.

After incubation, 20 µL of the MTS dye solution was added to each well. The plates were incubated at 37°C for 4 hours. Optical density (OD) at the 490 nm wavelength was recorded using a 96-well plate reader (SpectraMax Plus 384 Microplate Spectrophotometer). The cell viability % was calculated using the following formula: $$\text{Cell~viability}\% = \frac{\text{OD~of~the~treated}}{\text{OD~of~the~control}} \times 100.$$

### Cell morphological changes

To determine morphological changes of the MCF-7 cells following treatment with ANS, empty NPs and ANS-NPs, the MCF-7 cells were seeded at a density of 5×10^4^ cells per well in a 6-well plate and cultured at 37°C for 12 hours, then treated with ANS, empty NPs and ANS-NPs (15, 20, 40, and 80 nM) for 72 hours. The cells were then observed and captured under microscope (Nikon Eclipse TiS coupled with NIS-Elements imaging software; Nikon Corporation, Tokyo, Japan).

### In vitro cellular uptake and fluorescence imaging

To evaluate the cellular uptake, we used the InP:ZnS QD-NPs. MCF-7 cells were then cultured in 8-chamber polystyrene vessel tissue culture treated glasses at a density of 5\*10^4^ cells/chamber, at 37°C, for 12 hours in an atmosphere containing 5% CO~2~ to allow cells' attachment. Subsequently, the medium was aspirated from each chamber and replaced with medium containing InP:ZnS QD-NPs at concentrations of 1,000 mg/mL. Chambers were then incubated at 37°C for 4 hours in an atmosphere containing 5% CO~2~. The cellular uptake assay was stopped by aspirating the test samples, removing the chamber, and washing the cell monolayers with ice-cold PBS three times. Examination was done using confocal microscope (LSM-780, Carl Zeiss Meditec AG, Jena, Germany).

### RNA isolation

RNA was isolated using a PureLink^®^ RNA Mini Kit following the manufacturer's instructions. The purity of the isolated RNA was determined by measuring the ratio of the OD of the samples at 260 and 280 nm using a NanoDrop™ 8000 spectrophotometer. The OD~260~/OD~280~ ratio ranged from 1.9 to 2.2 for all samples.

### cDNA synthesis

cDNA strands were synthesized using a High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems™) according to the manufacturer's instructions; aliquots containing 1 µg of total RNA were used from each sample.

### Gene expression profiling and data analysis

Real-time PCR for the apoptosis-associated genes *MAPK3*, *MCL1*, and *c-MYC* was performed after incubating the cells with 20, 40, and 80 nM ANS or ANS-NPs. An Applied Biosystems 7900HT Fast Real-Time PCR System and TaqMan^®^ Gene Expression master mix (Thermo Fisher Scientific) were used, and then, gene expression was manually quantitated using the delta-delta CT (ΔΔ^CT^) method. Changes in gene expression were illustrated as a fold increase or decrease. The data were normalized to the housekeeping gene GAPDH.

Results
=======

Synthesis of ANS loaded PLA-PEG-PLA NPs and particle size analysis
------------------------------------------------------------------

In this study, we aimed to synthesize biocompatible PLA-PEG-PLA NPs that are capable of encapsulating ANS as potential breast cancer therapy. Biodegradable polymers have the advantage of the sustained release of some active ingredients. Furthermore, the synthesis of the ANS-NP was carried out using the double emulsion method. The PLA-PEG-PLA polymer was dissolved in the oil phase while the ANS was suspended in DMSO. Using ultrasonication, the first unstable emulsion formed, subsequently, the emulsion was stabilized using PVA. The ANS-NP was washed three times by repeated precipitation and re-suspension in water, to remove all the excess impurities.

The synthesized particles were characterized by dynamic light scattering using ZetaPALS, ANS-NPs synthesized were within the size range of 186±27.13 nm; which is slightly larger than the void polymer NPs with a particle size of 181±30.19 nm ([Table 1](#t1-ijn-13-199){ref-type="table"}). Similarly, the PDI was found to be 0.26±0.11 which shows a relatively homogeneous size distribution. Further, the zeta potential and electrophoretic mobility of the ANS-NP was approximately 0.48±3.81 and 0.04±0.01 respectively ([Table 1](#t1-ijn-13-199){ref-type="table"}), which makes them almost neutral in charge and able to be dispersed in a media of physiological pH. The optimal size of an NP is between 10--200 nm.[@b18-ijn-13-199] As a result, this work provides a successful method to synthesize and optimize the size of NPs.

### ANS EE and LC

Multiple factors can influence drug entrapment efficiency varying between the composition of the polymer to the type of drug to be used and the method of preparation. In this study, drug EE was determined. EE of ANS-NP was found to be 67% when the concentration of the drug used was 1 mg/mL. The LC of the NPs was 1.65%. The percentage yield was calculated to be 54%.

### TEM and SEM

TEM was used to observe the morphology and size distribution of the ANS-NPs ([Figure 1](#f1-ijn-13-199){ref-type="fig"}). TEM observation of the ANS-NPs showed that the NPs were spherical and well-dispersed as discrete particles. The particle size was also measured by TEM and it showed similarity to the dynamic light scattering readings. SEM micrograph ([Figure 2](#f2-ijn-13-199){ref-type="fig"}) showed that the particles were aggregated in spherical shape and merged together in one big aggregate and the measurements were in the same range of what the TEM has shown.

### In vitro drug release studies

The in vitro drug release study was used to determine the ability of the PLA-PEG-PLA NP to release ANS. The release profile of three different batches of ANS-NPs was measured at different time intervals over a period of 144 hours. As illustrated in [Figure 3](#f3-ijn-13-199){ref-type="fig"}, the release profile of the three batches was quite similar and exhibited sustained drug release over 144 hours.

### Cell proliferation assay

To investigate the antiproliferative effect of ANS-NPs in vitro, MCF-7 cells were treated with different concentrations, ranging from 15 to 80 nM, of ANS and ANS-NPs for 72 hours, and the cell viability was then measured using MTS assay.

As shown in [Figure 4](#f4-ijn-13-199){ref-type="fig"}, empty PEG-PLA NPs showed no significant cytotoxicity against MCF-7 cells (inhibition \<10%). By contrast, ANS-NPs inhibited the growth of MCF-7 cells after incubation for 72 hours. ANS-NPs exhibited a similar toxic effect as the free drug, suggesting the successful uptake and delivery of the NPs to the cells.

### Cell morphological changes

To evaluate the morphological changes of the MCF-7 cells in response to the ANS-NPs, cells were treated with different concentrations, ranging from 15 to 80 nM of ANS, empty NPs and ANS-NPs for 72 hours, and the cells were then observed under the microscope.

As shown in the representative photos in [Figure 5](#f5-ijn-13-199){ref-type="fig"}, empty NPs showed no significant cytotoxicity against MCF-7 cells. On the other hand, ANS-NPs inhibited the growth of MCF-7 cells after incubation for 72 hours exhibiting a similar toxic effect as the free drug, confirming the results obtained from the cytotoxicity assay.

### In vitro cellular uptake and fluorescence imaging

To evaluate the cellular uptake, fluorescent InP:ZnS QD/ANS-NPs treatment was used on MCF-7 breast cancer cell line. [Figure 6A](#f6-ijn-13-199){ref-type="fig"} shows the optical and fluorescence imaging of MCF-7 cells before starting the treatment. After treatment with InP:ZnS QD/ANS-NPs and incubation for 4 hours, cells exhibited fluorescent emission from the cell plasma area, suggesting successful cellular uptake ([Figure 6](#f6-ijn-13-199){ref-type="fig"}).

### Gene expression profiling and data analysis

MCF-7 breast cancer cell lines were treated with ANS and ANS-NPs in three different concentrations for 96 hours. The control for this experiment was untreated MCF-7 cell lines. Real-time results showed a similar expression behavior of *c-MYC*, *MAPK3*, and *MCL-1* in both MCF-7 cell lines treated with free ANS and ANS-NP ([Figure 7](#f7-ijn-13-199){ref-type="fig"}).

Discussion
==========

Breast cancer is one of the most common cancers and is the main cause of death among women worldwide.[@b19-ijn-13-199] Approximately 70% of all breast cancers are estrogen receptor α positive and are thus treated with treatments such as anti-estrogens or AIs, which suppress the estrogen-mediated pathways.[@b20-ijn-13-199] Hormonal therapy with AIs is now the standard treatment for postmenopausal women with estrogen receptor α positive breast cancer, both as an adjuvant therapy and in the treatment of advanced disease. AIs block estrogen production by inhibiting or inactivating aromatase to ultimately inhibit the growth of breast tumors.[@b21-ijn-13-199] The AI ANS blocks the production of estrogen, thus exerting antiproliferative effects on tumor cells. However, ANS is characterized by its low solubility in water and its rapid clearance from the blood stream, which may limit the efficiency of the drug. ANS is also associated with uncontrolled delivery, which results in adverse effects. In this study, we described the synthesis of PLA-PEG-PLA NPs encapsulating ANS using the double emulsion method. The biodegradable polymers enable the sustained release of certain active ingredients. The triblock polymer that was used for NP synthesis is an amphiphilic polymer suitable for the encapsulation of water-insoluble compounds.[@b22-ijn-13-199]

The size of the ANS-NPs synthesized in this study was 186±27.13 nm, which is slightly larger than the empty polymer NPs, which was 181±30.19 nm. Similarly, the PDI of the ANS-NPs was 0.26±0.11, indicating a relatively homogeneous size distribution. Furthermore, the zeta potential of the ANS-NPs was approximately 0.48±3.81, which makes them almost neutral in charge and able to be dispersed in a media of physiological pH. The optimal size of the NP is between 10 and 200 nm. Smaller particles will be cleared, and larger particles will not enter the tumor vascular and interstitial space.[@b18-ijn-13-199],[@b23-ijn-13-199] NPs within this range are able to both passively and actively target tumors. Upregulation of proangiogenic signaling in tumors causes tumor hyper-vascularization. However, these vessels exhibit abnormal and increased permeability. Moreover, tumors have poor lymphatic drainage, allowing for the retention of macromolecules greater than 40 kDa. NPs can utilize the features of enhanced permeability and retention to target solid tumors.[@b18-ijn-13-199],[@b23-ijn-13-199] The size of ANS-NPs produced in this study was 186±27.13 nm, thus they would be optimal for targeting tumors. The EE in our study was 67% when using 1 mg/mL of free ANS, which can be improved if higher concentrations of the free drug are used. Moreover, drug-release profile of ANS-NP showed sustained release over 144 hours and did not exhibit burst effect in the first few hours. This prolonged release can be explained by the binding affinity between the polymer and the drug, and the capacity of the polymer to incorporate the drug. Previous studies have demonstrated that hydrophobic drugs have the tendency to have a lower release rate compared to hydrophilic ones. ANS is a water insoluble drug and prefers to stay within the hydrophobic core of the NPs,[@b24-ijn-13-199] thus the obtained results of prolonged release make these ANS-NPs candidates for sustained release therapy.

The result of the cytotoxicity study demonstrated the ability of ANS to enter the cell and exert its effect, as ANS-NP promoted a similar cytotoxic effect on cells as the free drug. This was also confirmed by observing the morphological changes in response to free ANS compared to ANS-NPs. Cellular uptake was further confirmed by the entry of the fluorescent InP:ZnS QD-NPs into the cytoplasm of MCF-7 cells. Moreover in this experiment, the efficacy of the NPs to deliver ANS was evaluated by real-time PCR and the gene expression behaviors of the *c-MYC*, *MAPK3* (*ERK1*), and *MCL-1* genes in the MCF-7 cells were compared. These genes were chosen as previous studies have demonstrated that ANS had an effect on the expression of these apoptotic genes,[@b25-ijn-13-199] therefore the expression pattern between cells treated with free ANS versus ANS-NPs can be determined. The results showed that all three genes were overexpressed and that there was a similar expression pattern between ANS-NP and free drug treated cells, confirming the cytotoxicity experiments and proving the ability of the ANS-NPs to successfully deliver the drug into cells. *MAPK3*, also known as *ERK1*, is a member of the mitogen-activated kinase family, which is a fundamental component of the cellular signaling network that allows cells to function as a vital part of an organism.[@b26-ijn-13-199]

All eukaryotic cells possess multiple *MAPK* pathways, which coordinately regulate gene expression, mitosis, metabolism, motility, survival, and differentiation.[@b26-ijn-13-199] Surprisingly, a growing number of studies have suggested that in certain conditions, aberrant *MAPK3* activation can promote cell death. Early reports of a proapoptotic function for the *Ras/Raf/MAPK3* pathway appeared in 1996 after treating MCF-7 cells with Taxol.[@b27-ijn-13-199] *MAPK3* can trigger cell death by different mechanisms, including the activation of a CASP8 signaling cascade or by *p53* upregulation associated via *p53* phosphorylation on serine 15.[@b28-ijn-13-199],[@b29-ijn-13-199]

c-MYC protein is a transcription factor that plays multiple roles in breast cancer development and progression. c*-MYC* is a key regulator of cell cycle progression, cell proliferation, and transformation.[@b30-ijn-13-199] However, when survival factors are deficient, c-*MYC* induces apoptosis by activating both mitochondrial and receptor-mediated apoptosis pathways.[@b31-ijn-13-199] *c-MYC*, which is stabilized by *MAPK* via phosphorylation at serine 62, increases the proapoptotic functions of *p53*.[@b32-ijn-13-199] Interestingly, when combined with *c-MYC* overexpression, the constitutive activation of *MAPK* is sufficient to induce apoptosis in Rat-1 cells.[@b33-ijn-13-199]

Moreover, the upregulated expression of *MCL-1*, an anti-apoptotic member of the *BCL-2* family of proteins, observed in this study can be explained as an adaptive trait acquired by some tumors to offset *c-MYC*-induced apoptosis. Alternatively, unknown anti-apoptotic events may presumably fulfill a similar role in transgenic tumors that do not overexpress *MCL-1*.[@b34-ijn-13-199] The real-time PCR results of this study indicated the ability of ANS-NPs to deliver ANS into the cells and to promote a similar and/or enhanced effect compared to that of free ANS, even at the molecular level.

Conclusion
==========

In this study, amphiphilic PEG-PLA polymer was utilized to prepare ANS-NPs via the double emulsion method; the NPs had a mean diameter of approximately 186 nm, a very narrow size distribution, and an EE of 67% and prolonged sustained release for 144 hours. ANS-NPs presented successful delivery of the drug, which was confirmed by in vitro cytotoxicity studies and by analyzing the differences in the expression of *MAPK3*, *c-MYC*, and *MCL-1* in *MCF-7* cells treated with free ANS and with ANS-NPs. These results demonstrated parallel expression patterns and a similar drug-induced response for both treatments representing a feature that can be utilized further for site-specific tumor targeting.
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![TEM micrograph of PEG-PLA ANS-NPs.\
**Notes:** Images show polydispersed monosize ANS-NP. (**A**) 4,000×, (**B**) 6,000×, (**C**) 30,000×, (**D**) close image at 50,000× of single ANS-NP showing the diameter.\
**Abbreviations:** TEM, transmission electron microscopy; ANS, anastrozole; NPs, nanoparticles.](ijn-13-199Fig1){#f1-ijn-13-199}

![SEM micrograph of PEG-PLA ANS-NPs showing the NPs in the aggregate form.\
**Abbreviations:** SEM, scanning electron microscopy; ANS, anastrozole; NPs, nanoparticles.](ijn-13-199Fig2){#f2-ijn-13-199}

![Cumulative drug release of ANS-loaded PLA-PEG-PLA NPs over a period of 144 hours.\
**Note:** Error bars represent standard error of the mean for three different batches.\
**Abbreviations:** ANS, anastrozole; NPs, nanoparticles.](ijn-13-199Fig3){#f3-ijn-13-199}

![Cytotoxicity of ANS-NPs toward MCF-7 cells after incubation for 72 hours (n=3).\
**Notes:** Results show a proximal toxic behavior between the ANS and ANS-NP with no obvious effect of the increased concentration of the treatments. Moreover, the void NPs show no toxicity (\<10%) toward the cells even with increased concentration used for the NPs. Error bars represent standard error of the mean (n=3).\
**Abbreviations:** ANS, anastrozole; NP, nanoparticle.](ijn-13-199Fig4){#f4-ijn-13-199}

![Representative photos show MCF-7 cells after incubation for 72 hours (magnification power 20×).\
**Notes:** (**A**) Control of untreated cells. (**B**--**D**) Represent cells treated with 15, 40, 80 nM of empty NPs respectively. (**E**, **G**, **I**, **K**) Show cells treated with 15, 20, 40, 80 nM of free ANS respectively, while (**F**, **H**, **J**, **L**) demonstrate photos of cells treated with 15, 20, 40, 80 nM of ANS-NPs respectively.\
**Abbreviations:** ANS, anastrozole; NPs, nanoparticles.](ijn-13-199Fig5){#f5-ijn-13-199}

![Light and fluorescence microscopy images of quantum dot (QD) labeled InP:ZnS QD-NPs in the MCF-7 cells.\
**Notes:** (**A**) Untreated control cells. (**B**--**D**) 20× images of the cells after incubation with InP:ZnS QD-NPs for 4 hours. (**E**, **F**) Higher magnification of treated cells 40×.\
**Abbreviation:** NPs, nanoparticles.](ijn-13-199Fig6){#f6-ijn-13-199}

![Gene expression of *c-MYC*, *MAPK3*, and *MCL-1* in MCF-7 cell lines treated with ANS and ANS-NPs for 96 hours.\
**Notes:** The results showed upregulation of all the genes as response to ANS and ANS-NP treatments. Error bars represent standard error of the mean (n=3).\
**Abbreviations:** ANS, anastrozole; NP, nanoparticle.](ijn-13-199Fig7){#f7-ijn-13-199}

###### 

Median particle size and potential of free, and ANS-loaded nanoparticles

  Formulation          Particle size (nm)   Polydispersity index   Zeta potential (mV)   Mobility (µ/s) (V/cm)
  -------------------- -------------------- ---------------------- --------------------- -----------------------
  (PLA-PEG- PLA) NPs   181±30.19            0.26±0.12              0.08±0.42             0.01±0.03
  ANS-loaded NPs       186±27.13            0.26±0.11              0.48±3.81             0.04±0.01

**Abbreviations:** ANS, anastrozole; NPs, nanoparticles.
